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METHOD AND APPARATUS FOR ARBITRATING TO OBTAIN BEST ESTIMATES 
FOR BLOOD CONSTITUENT VALUES & REJECTING HARMONICS 

This invention relates to a method and apparatus for measuring 
physiological parameters, in particular for processing data so 
that its reliability can be assiessed. • It relates in particular 
to a method and apparatus for arbitrating to obtain best 
estimates for blood constituent values and rejecting harmonics. 



Pulse oximeters typically measure and display various blood 
flow characteristics including the oxygen saturation of 
haemoglobin In arterial blood and pulse rate. Oximeters pass 
light through blood perfused tissue such as a finger or an ear, 
and photoelectrically sense the absorption of light in the 
tissue. The amount of light absorbed is then used to calculate 
the amount of the blood constituent (for example oxyhaemo- 
globln) being measured. i 

Techniques for calculating blood oxygen saturation levels in 
haemoglobin are disclosed in International patent application 
no. 1B96/ filed with the present application entitled 

METHOD AND APPARATUS FOR AD3VPTIVELY AVERAGING DATA SIGKALS, 
which bears the reference P21977A. Information concerning 
these features of the present invention that is disclosed in 
those documents is incorporated in the Bpeclfication of the 
present application by this reference. The disclosed technique 
involves assigning varying weights to different measurements, 
the weighted measurements being averaged to obtain a filtered 
measurement. It employs Ralman filtering techniques to 
calculate blood oxygen saturation. Kalman filtering allows one 
to fit parameters in a least squares sense when the parameters 
are varying in time . 



Other techniques for calculating blood oxygen saturation levels 
in haemoglobin, in which a harmonic filter is used to reduce 
noise effects, are disclosed in International patent 
application no. IB96/ filed with the present application 

entitled METHOD AND APPARATUS FOR HARMONICALLY FILTERING DATA, 
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entitled METHOD AND APPARATOS FOR HARMONICALLY FILTERING DATA, 
which bfears the reference P21977D. Information concerning 
these features o£ the present invention that is disclo'sed in 
that document is incorporated in the specification of the 
present application by this reference. 

Techniques for determining pulse rates are disclosed in Intern- 
ational patent application no. IB96/ filed with the 
present application entitled METHOD AMD APPARATOS FOR MEASURING 
POLSE RATE AND SATURATION, which bears the reference P21977B. 
Information concerning these feattires of the present invention 
that is disclosed in this document is incorporated in the 
specification of the present application by this reference. A 
technique disclosed in the document involves use of a comb 
filter to isolate signal energy which corresponds to funda- 
mental and related frequencies. 

The present invention provides a- technique for assessing 
signals relating to physiological parameters, in particular 
blood oxygen saturation and' pulse rate, to determine whether 
and how they are to be displayed. The signals can be derived 
using techniques of the type that are disclosed in the 
specifications of the three applications referred to above. 
The technique of the invention involves arbitrating between, 
possible values of the parameter in question according to a 
confidence level associated with each value based in a quality 
metric . 

Accordingly, in one aspect, the invention provides a method of 
measuring a blood constituent value (for example, oxygenated 
haemoglobin in blood) using data comprising a single data set, 
which comprises: 

(a) determining a plurality of possible blood 
constituent values using a plurality of blood constituent 
value calculators, each of the blood constituent value 
calculators using the single data set, each of the 
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possible blood constituent values having a confidence 
level associated therewith based on at least one quality 
metric; and • - 

(b) arbitrating between the plurality of possible blood 
constituent values with regard to the confidence levels 
to determine a measure of the blood constituent. 

In another aspect, the invention provides apparatus for 
measuring a blood constituent using a single data set, by 
applying the method referred to above. 

In a further aspect, the invention provides a method of 
determining a patient's pulse rate using data comprising a 
single data set corresponding to electroinagnetic energy 
transmitted through the tissue of a patient, the method 
comprising the steps of: 



(a) determining a plurality of possible pulse rates 
using a plurality of pulse rate estimators, each of the 
pulse rate estimators using the single data set, each of 
the possible pulse rates having a confidence level 
associated therewith based on at least one quality 
metric; and 



(b) arbitrating between the plurality of possible pulse 
rates with regard to the confidence levels to determine 
the patient' B pulse rate. 



In yet another aspect, the invention provides apparatus for 
determining a patient's pulse rate using a single data set, by 
applying the method referred to above. 

Preferably, the arbitrating step comprises: 

(a) comparing the confidisnce levels for each of the 
values with the confidence levels for other values; and 
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(b) selecting as the measure of the blood constituent 
or of the pulse rate (as the case may be) one of the 
plurality of possible values having a confidence- level 
greater than all other confidence levels by at least a 
first amount. 

Preferably, the arbitrating step comprises linearly interpol- 
ating between the plurality of possible values to generate the 
measure of the blood constituent or the patient's pulse rate 
(as the case may be) where none of the confidence levels is 
greater than all other confidence levels by more than a first 
amount . 

When the method is measuring a blood constituent value, it is 
preferred that the quality metric is selected from the group 
comprising age of the possible blood constituent value and 
variance of the 'possible blood constituent value. 

Preferably, in the second method aspect of the invention, t*e 
pulse rate estimator determines its corresponding possible 
pulse rate bys 

(a) defining a comb filter to remove signal energy from 
the data corresponding to a fundamental frequency 
and harmonics thereof; 

(b) determining a particular harmonic frequency which 
minimizes noise energy at an output of the comb 
filter, the particular harmonic frequency 
corresponding to the fundamental frequency; and 

(c) genisrating the possible pulse rate corresponding to 
the particular harmonic frequency. 

Preferably, the step of determining the harmonic frequency 
comprises : 

(a) calculating squared noise for the data,- 
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(b) calculating a second derivative of the ^squared 
noise with respect to the fundamental frequency; 
and 

(c) performing a Newton-Raphaon search to determine the 
particular harmonic frequency. 



The determination of the pulse rate by the pulse rate estimator 
can include the steps of: 



(a) evaluating a power spectrum corresponding to the 
data to determine which of a plurality of peaks in 
the power spectrum corresponds to the fundamental 
frequency; and 

(b) verifying that the particular harmonic frequency, 
corresponds to the fundamental frequency based on 
the evaluating step. 



When the method is determining a patient's pulse rate, it is 
preferred that the quality metric is selected from the group 
comprising pulse signal shape, signal-to-nolse ratio, 
correlation of the at least one wavelength of electromagnetic 
energy, arrhythmia probability, and, when there are two 
wavelengths of electromagnetic energy, a correlation between 
the data corresponding to the two wavelengths. 

The pulse rate estimator in the second method aspect of the 
invention can determine its corresponding possible pulse rate 
by: 



comparing the data to a predetermined waveform 
template; 

identifying a sequence of waveform characteristics 
indipative of a waveform period; 
averaging a number of successive . waveform periods 
to detezmine an average waveform period; and 
determining the corresponding possible pulse rate 
from the average waveform period. 



MAS 77829 
CONRDENTIAL 
ATTORNEYS EYES ONLY 



JA 22499 IVI1429 



Copied from 10779033 on 07/15/2005 



wo 98/430?! 



PCT/IB9'7/0029J 



-6- 

The method can include a step of identifying pulse data that is 
corrupted by motion, and rejecting that data. 

The quality metric can then be selected from the group 
comprising a motion indication, and a proportion of motion 
corrupted pulse periods detected over a time interval. 



In a yet further aspect, the invention provides a method of 
determining a pulse rate of a patient using data corresponding 
to at least one wavelength of electromagnetic energy 
transmitted through tissue of this patient, which comprises: 

(a) tracking a fundamental frequency using an adaptive 
comb filter to filter the data and to thereby generate a 

' first pulse rate, the first pulse rate having a first 
confidence level associated therewith based on at least 
one quality metric; 

(b) comparing the data to a predetermined waveform 
template to generate a second pulse rate, the second 
pulse race having a second confidence level . associated 
therewith based on the at least one quality metric; and 

(c) arbitrating between the first and second pulse 
rates with regard to the first and second confidence 
levels to determine the patient's pulse rate. 

Preferably, the tracking step comprises: 

(a) defining a comb filter to remove signal energy from 
the data corresponding to the fundamental frequency 
and harmonics thereof; and 

(b) determining a particular harmonic frequency which 
minimizes noise energy at an output of the comb 
filter, the particular harmonic frequency 
corresponding to the fundamental frequency. 
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Preferably, the step of determining the harmonic frequenisy then 
comprises: 

(a) calculating squared noise for the data; . 

(b) calculating a second derivative o£ the squared 
noise with respect to the fundamental frequency; 
and 

(c) performing a Newton -Raphson search to determine the 
fimdamental frequency. 



The tracking step can comprise: 



(a) evaluating a power spectrum corresponding to the 
data to determine which of a plurality of peaks In 
the power spectrum corresponds to the fundamental 
frequency; and 

(b) verifying that the particular harmonic iErequency 
corresponds to the fundamental frequency based on 
the evaluating step. 



IH: might also Include a step of filtering the first pulse rate 
to determine a filtered first pulse rate, for example by a 
filtering technique such as Kalman filtering. 

Preferably, the comparing step of the method comprises: 



(a) identifying a sequence of waveform characteristics 
indicative of a waveform period; 

(b) averaging a number of successive waveform periods 
to determine an average waveform period; and 

(c) . determining the second pulse rate from the average 
waveform period. 

Preferably, the arbitrating .step of the method comprises: 

(a) comparing the first and second confidence levels; 
and 
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(b) selecting as the patient's pulse rate one of the 
first and second confidence levels which is greater 
. trhan the other of the first and second confidence 
levels by at least a first amount. 

The arbitrating step can comprise linearly interpolating 
between the first and second pulse rates to generate the 
patient's pulse rate where neither of the first and second 
confidence levels is greater than the other of the first and 
second confidence levels by more than a first amount. 

Preferably, the at least one quality metric corresponding to 
the first confidence leVel is selected from the group 
comprising pulse signal shape, signal- to-nolse ratio, 
correlation of the at least one wavelength of electromagnetic 
energy, and arrhythmia probability. 

Preferably, there are two wavelengths of electromagnetic 
energy, and the at least one quality metric corresponding to 
the first confidence level comprises a correlation between the 
data corresponding to the two wavelengths. 

Preferably, the at least one quality metric corresponding to 
the second confidence level is selected from the' group 
comprising a motion indication, and a proportion of motion 
corrupted pulee periods detected over a time interval. 

Preferably, prior to the processing step, the method includes 
the steps of; 

(a) taking the logarithm of a signal representative of 
the at least one wavelength of electromagnetic 
energy, thereby generating a first signal; 

(b) band pass filtering the first signal, thereby 
generating a second signal; and 

(c) normalizing the second signal, thereby generating 
the data; 
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the tracking step comprising taking the derivative of the data. 

The inventidtj can involve reduction of noise effects when 
measuring a physiological parameter. It can include apparatus 
for reducing the noise effects which comprises: 

means for generating a plurality of measurements 
derived from at least one wavelength of electromagnetic energy 
transmitted through living tissue; 

means for providing a signal indicative of the at 
least one wavelength of electromagnetic energy; 

means for comparing selected measurements with at 
least one expected measurement characteristic; 

means for assigning one of a plurality of variable 
weights to each selected measurement based on the comparing 
step thereby generating a plurality of differently weighted 
measurements for each wavelength, the variable weights being 
assigned, in part, in response to a similarity between ^ach 
selected measurement and a corresponding previous measurement, 
the variEible weights comprising a plurality of different non- 
zero numbers; 

means for averaging a plurality of the differently 
weighted measurenients to obtain a filtered measurement for use 
in estimating the physiological parameter; and 

means for calibrating the system to measure the 
physiological parameter in response to the signal indicative of 
the at least one wavelength of electromagnetic energy. 



The invention also includes a monitor for measuring a physiol- 
ogical parajneter, the monitor being for use with a sensor 
having emitting means for emitting at least one wavelength of 
electromagnet^ic energy, sensing means for sensing the electro- 
magnetic energy and for generating a first signal repres> 
entative thereof, means for detachably coupling the sensor to 
the oximeter and for providing communication of signals between 
the sensor and the oximeter, and means for providing a second 
signal indicative of the at least one wavelength of electro- 
magnetic energy, the monitor comprising: 
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means for generating a plurality of measurements 
derived from the first signal; 

means for comparing selected measurements -vrilth at 
least one expected measurement characteristic- 
means for assigning one of a plurality of variable 
weights to each selected measurement based oh the coniparing 
step thereby generating a plurality of differently weighted 
measurements, the veuriable weights being assigned, in part, in 
response to a similarity between each selected measurement and 
a coxrresponding previous measurement, the variable weights 
comprising a plurality of different non-isero numbers; 

means for averaging a plurality of the differently 
weighted measurements to obtain a filtered measurement for use 
in estimating the physiological parameter; and 

■ means for calibrating the monitor to measure the 
physiological parameter in response to the second signal. 

There now follows a discussion of preferred methods of 
processing and displaying the blood oxygen saturation and pulse 
rate for use on a hospital floor. With metrics that are 
available from algorithms for measuring oxygen saturation 
levels and pulse rates, confidence levels for the saturation 
and the pulse rate values that are calculated can be estimated, 
thus determining which saturation and which pulse rate of the . 
multiple pulse rates and multiple saturatiozxs qan be considered 
reliable, and how long the saturation or pulse rate previously 
selected should b^ held when a current estimate is not 
considered sufficiently reliable. 

The present invention can be applied to blood oxygen saturation 
values calculated using Kalman filtering techniques (with or 
without cardiac gated averaging) as disclosed in the inter- 
national patent application no. IB96/ (P21977A) referred 
to above. Metrics that can be calculated from these algorithms 
include : 

Age: effective averaging period is double this; and 
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Deviation: standard deviation of saturation estimate in 
saturation points . 

The present invention can be applied to pulse rate values 
calculated using a comb filter as disclosed ia the Inter- 
national patent application no. [] referred to above. Metrics 
that can be calculated from these algorithms include; 

Validity: a heuristic metric baaed on the 

strength of harmonics in the pulse, 
i.e.. the shape o£ the pulse ; 

S/N: signal-to-noise ratio; 

Arrhythmia probability; a function of s/N vs. 

Uncorrelation averaged over 
time; and 



UncorrelaCion (ir & red) y'l-crosscorreJation {IR,red)» 

i where orosscorrelation is over an 

appropriate number of sample points. 

Motion flag: set when motion is detected; and 

Motion Percent: percentage of motion corrupted 

patterns detected in the last ten 
seconds . 



The confidence interval for a pulse rate measured using an 
adaptive comb filter is a function of the validity metric and 
the arrhythmia probability metric. This space divides into 
several regions in which one or both metrics are the 
determining factor in how likely the adaptive comb filter is to 
be tracking the correct rate. 

The Age and Deviation metrics can be used to determine 
saturation. A general algorithm for calculating the age of the 
output of an IIR filter having the form 



Filtered (ni-l) = (1 + W) • Filtered (n) - W * Raw, 
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where the age of Filtered and Raw are )cnown, and Filtered (n) is 
the value at sample number n, is described by the following 
steps: ' ■ " 

1) Increment the age of Filtered by the amount of time 
elapsed since it was last calculated; and 

2) Age of Filtered (h + Ij « (i + W) * Age of 
Filtered (n) + W * Age of Raw 

Preferably, the technique of the invention involves evaluation 
of several jproperties of the incoming oximetry signal, 
independent of the confidence metrics for the parameter in 
question {for exatnple oxygen saturation and pulse rate) to 
determine whether the signal is actually due to a human pulse 
and what should appear on the display that is provided. 
Possible states include: 

Disconnect: when the sensor is unplugged; 

No Contact: when the sensor does not make sufficient 

contact with the patient; 

Pulse lost: when the pulse disappears and the sensor 

is still on the patient; 

Non-pulse: when the oximetry signal comeis from a 

signal other than a human pulse because 
the sensor has fallen off or is seeing an 
enormous amount of interference; 

Pulse Present: when the oximetry signal comes from a 
human pulse; and 

Not Sure: a waiting period before declaring a 

Disconnect or Non-pulse state. 

The possible actions in response to the occurrence of these 
various states are to update the display, hold the current 
values, or clear the display, for example blanks, dashes, 
zeroes, etc. 

The criteria for the various states are evaluated in the 
following order: 
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Pulse lost: 



The % IR modulation is below a threshold 
for period of seconds, or the criteria ^or 

M/-\n .nill CA m^l. 3 i-1 





Non-pulse 



The uncorrelation is high and the 




Pulse present: The state is not one of the above states. 

The criteria for the various display actions are UPDATE when 
the state is Pulse present, HOLD wher the state is Not Sure or 
No contact, and CiiBAR wh6n the state is Disconnect. Pulse lost, 
or Non-pulse. 

The best saturation is displayed when 1) the signal state 
action is UPDATE, and 2) the best saturation is sufficiently 
recent. Saturation is held when l) the conditions for 
displaying the best saturation are not met, 2) the displayed 
saturation is lass than sufficiently recent, and 3) the signal 
state action is not CLEAR. Saturation Is blanked when 1) the 
conditions for displaying the best saturation are not met, and 
2) the conditions for holding the satuaration are not met. 

The best heart rate is displayed when l) the best calculated 
heart rate has a high confidence, and 2) the signal state 
action is UPDATE. The heart rate is held when l) the 
conditions for displaying the current heart rate are not met, 
2) the displayed, heart rate is suf]ficiently recent, and 3) the 
signal state action is not CLEAR. The heart rate is blanked 
when 1) the conditions for displaying the current heart rate 
are not met, and 2) the conditions for holding the heart rate 
are not met. 
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CLA.IM5 : 

1. A meth6d of measuring a blood constituent value" using 
data comprising a single data set, which comprises: 

(a) determining a plurality of possible blood 
constituent values using a plurality of blood constituent 
value calculators, each of the blood constituent value 
calculators using the single data set, each of the 
possible blood constituent values having a confidence 
level associated therewith based on at least one quality 
metric; and 

(b) arbitrating between the plurality of possible blood 
constituent values with regard to the confidence levels 
to determine a measure of the blood constituent. 

2. A method as claimed in claim 1, in which the arbitrating 
step comprises: 

(a) comparing the confidence levels for each of the 
possible blood constituent values with the confidence 
levels for other Islood constituent values? and 

(b) selecting as the measure of the blood constituent 
one of the plurality of possible blood constituent values 
having a confidence level greater than all other 
confidence levels by at least a first amount. 

3. A method as claimed in claim 1, in which Che arbicracing 
step comprises linearly interpolating between the pl\urality of 
possible blood constituent values to generate the measure of 
the blood constituent where none of the confidence levels is 
greater than all other confidence levels by more than a first 
amount . 
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4. A method as claimed in claim 1, in which the at least one 
quality metric is selected from the group comprising age of the 
possible blobd constituent value and variance 6£ the possible 
blood constituent value. 

5. A method as claimed in claim 1, in which the blood 
constituent comprises oxygenated haemoglobin in arterial blood. 

6. Apparatus for measuring a blood constituent using a 
single data set, comprising: 

(a) means for determining a plurality of possible blood 
constituent values using a plurality of blood constituent 
value calculators, each of the blood constituent value 
calculators using the single data set, each of the 
possible blood constituent values having a confidence 
level associated therewith based on at least one quality 
metric; and 

(b) means for arbitrating between the plurality of 
possible blood constituent values with regard to the 
confidence levels to determine a measure of the blood 
constituent. 

7. A method of determining a patient's pulse rate using data 
comprising a single data set corresponding to energy 
transmitted through the tissue of a patient, the method 
conprising the steps of: 

(a) determining a plurality of possible pulse rates 
using a plurality of pulse rate estimators, each of the 
pulse rate estimators using the single data set, each of 
the possible pulse rates having a confidence level 
associated therewith based on at least one quality 
metric; and 
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(b) arbitrating between the plurality of possible pulse 
rates with regard to the confidence levels to determine, 
the patient's pulse rate. ,. ■ ' 

8. A method as claimed in claim 7, in which. the arbitrating 
step comprises: 

(a) comparing the confidence levels for each of the 
possible pulse rates with the confidence levels for other 
possible pulse rates; and 

(b) selecting as the patient's pulse rate one of the 
plurality of possible pulse rates having a confidence 
level greater than all other confidence levels by at 
least a first amount. 

9. A method as claimed in claim 7, in which dhe arbitrating 
step comprises linearly interpolating between the plurality of 
possible pulse rates to generate the patient's pulse rate where 
none of the confidence levels is greater than all other 
confidence levels by more than a first amount. 

10. A method as claimed in claim 7, in which one pulse rate 
estimator determines ita corresponding possible pulse rate by: 

(a) defining a comb filter to reniove signal energy from 
the data corresponding to a ftindamental frequency and 
harmonics thereof; 

(b) determining a particular, harmonic frequency which 
minimiaea noise energy at an output of the comb filter, 
the particular harmonic frequency corresponding to the 
fundamental frequency; and 



(c) generating the possible pulse rate corresponding to 
the particular harmonic frequency. 



MAS 77840 
CONRDENTIAL 
ATTORNBTS EYES ONLY 

JA 22510 

M1440 



Copied from 10779033 on 07/15/2005 



wo 98/43071 



PCT/1B97/00292 



-17- 

11. A method as claimed in claim 10, in which the determining 
step comprises; 

(a) calculating squared noise for the data; 

(b) calculating a second derivative of the squared 
noise with respect to the fundamental frequency; and 

(c) performing a Newton- Raphson search to determine the 
particular harmonic frequency. 

12. A method as claimed in claim 10 further comprising the 
steps of: 

(a) evaluating a power spectrum corresponding to the 
data to determine which of a plurality of peaks in the 
power spectrum! corresponds to the fundamental frequency; 
and 

(b) verifying that the particular harmonic frequency 
corresponds to the fundamental frequency based on the 
evaluating step. 

13. A method as claimed in claim lo, in which the at least 
one quality metric is selected from the group comprising pulse 
signal shape, signal-to-noise ratio, correlation of the at 
least one wavelength of electromagnetic energy, and arrhythmia 
probability. 

14. A method as claimed in claim 10, in which there are two 
wavelengths of electromagnetic energy, and the at least one 
quality metric comprises a correlation between, the data 
corresponding to the two wavelengths. 

15. A method as claimed in claim 7, in which one pulse rate 
estimator determines its corresponding possible pulse rate by; 
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(a) comparing the data to a predetermined waveform 
template'; 

(b) Identifying a sequence o£ waveform characteristics 
indicative of a waveform period; 

(c) averaging a number of successive waveform peipiods 
to determine an average waveform period; and 

(d) determining the corresponding possible pulse rate 
from the average waveform period. 

16. A method as claimed in claim 15, in which the at- least 
one quality metric is selected from the group comprising a 
motion indication, and a proportion of motion corrupted pulse 
periods detected over a time interval. 

17. A method of determining a pulse rate of a patient using 
data corresponding to at least one wavelength of 
electromagnetic energy transmitted through tissue of the , 
patient, which comprises: 

(a) tracking a fundamental frequency using ati adaptive • 
comb filter to filter the data and to thereby generate a 
first pulse rate, the first pulse rate having a first 
confidence level associated therewith based on at least 
one quality metric; 

(b) comparing the data to a predetermined waveform 
template to generate a second pulse rate, the second 
pulse rate having a second confidence level associated 
therewith based on the at least one quality metric; and 

(c) arbitrating between the first and second pulse 
rates v;ith regard to the first and second confidence 
levels to determine the patient's pulse rate. 
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18. A method as claimed in claim 17, in which the cracking ; 
step comprises: 

(a) defining a comb £ilter to remove signal energy £rom 
the data corresponding to the fundamental frequency and 
harmonics thereof; and 

(b) determining a particular harmonic frequency which 
minimizes noise energy at an output of the comb filter, 
the particul« harmonic frequency corresponding to the 
fundamental frequency. 

19. A method as claimed in claim 18, in which the determining 
step comprises: 

(a) calculating squared noise for the data; 

(b) calculating a second- derivative of the squared 
noise with respect to the fimdamental frequency; suid 

(c) performing a Newton-Raphson. search to determine the 
fundamental frequency. 

20. A method as claimed in claim 18, in which the tracking 
step coii^rises: 

(a) evaluating a power spectnim corresponding to the 
data to determine which of a plurality of peaks in the 
power spectrum corresponds to the fundamental frequency; 
and 

(b) verifying that the particular harmonic frequency 
corresponds to the fundamental frequency based on the 
evaluating step. 
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21. A method as claimed in claim 17, in which the tracking 
step comprises Kalman filtering the first pulse rate to 
determine a filtered first pulse rate. ■ ■ 

22. A method as claimed in ..claim 17, in which the comparing 
step comprises: 

(a) identifying a sequence of waveform characteristics 
indicative of a waveform period; 

(b) averaging a number of successive waveform periods 
to determine an average waveform period; and 

(c) determining the second pulse rate from the average 
waveform period. 

i3. A method as claimed in claim 17, in which the arbitrating 
step comprises: 

(a) comparing the first and second confidence levels; 
and 

(b) selecting as the patient's pulse rate one of the 
first and second confidence levels which is greater than 
the other of the first and second confidence levels by at 
least a first amount. 

24. A method as claimed in claim 17, in which the arbitrating 
step comprises linearly interpolating between the first and 
second pulse rates to generate the patient's pulse rate where 
neither of the first and second confidence levels is greater 
than the other o£ the first and second confidence levels by 
more than a first amount. 

25. A method as claimed in claim 17, in which the at least 
one quality metric corresponding to the first confidence level 
is selected from the group comprising pulse signal shape, 
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signal- to- noise ratio, correlation of the at least one 
wavelength of electromagnetic energy, and arrhythmia 
probability. - 

26. A method as claimed in claim 17, in which there are two 
wavelengths of electromagnetic energy, and the at lesaat one 
quality metric corresponding to the first confidence level 
comprises a correlation between the data corresponding to the 
two wavelengths. 

27. A method as claimed in claim 17, in which the at least 
one quality metric corresponding to the second confidence level 
is selected from the group comprising a motion indication, and 
a proportion of motion corrupted pulse periods detected over a 
time interval . 

28. A method as claimed in claim 17, which includes, before 
the processing step, the steps of: . 

(a) tcUcing the logarithm of a signal representative of 
the at least one wavelength of electromagnetic energy," 
thereby generating a first signal; 

(b) band pass filtering the first signal, thereby 
generating a second signal; and 

(c) normalizing the second signal, thereby generating 
the data; 

and in which the tracking step comprises taking the derivative 
of the ^ata. 
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